Abstract-This paper is aimed at proposing an effective solution to enhance continuous power availability and to reduce the peak load demand in Kuwait electric grid system. The peak demand is made up from solar renewable energy sources. The potential of renewable energy as power generation sources in Kuwait has been studied and solar energy potential has been analyzed. In the pursuit of proposing a system based on a hybrid of solar and wind, this paper only discusses the solar energy part. In this paper, solar energy system performance has been simulated using PSIM software in order to examine the real justification of utilizing it as an alternative solution to Kuwait electricity demand during peak hours of a hot summer day.
I. INTRODUCTION
As the power demand increases rapidly due to the growing number of population in Kuwait as well as style life modernization, the peak load demand causes many problems in the utility grid. The hours of sunshine per day in Kuwait are quite significant and receives a huge sum of solar radiation particularly in summer [1] . The results and conclusions will be greatly affected by the weather conditions. The weather data used in this paper is that of monthly average solar radiation that has been collected over a period of ten years from the ministry of electricity and NASA. The amount of solar energy reaching the earth's surface is ten times more than the world's total fossil fuel energy resources. The Sun's irradiation on earth is 14,000 times higher than the world's energy consumption [2] . Fig. 1 shows the world's energy spending in contrast to all its remnant resources and its annual energy possible usage. It is important to know an estimate of the resultant daily total solar radiation on a fixed surface facing south for each month of the year [3] . [4] . The monthly average global solar radiation intensity on a horizontal surface in Kuwait area over 12 years is also given [5] . 
II. SOLAR CELLS EXPENSES AND EFFICIENCY
The solar cells are still too expensive to produce a significant portion of the world energy needs but the price decreases gradually each year. Fig. 3 shows the prices for crystalline PV, which has declined quite dramatically in the last 30 years. In 1956 solar PV panels were $300 per Watt and has fallen precipitately to approximately $1.4 per Watt in June 2011 while the PV production increasing exponentially [6] . Fig. 3 . Solar PV global production and cost per watt Fig. 3 shows the relationship between PV panel production and degradation in cost per Watt while the need for the production and its application is rising up exponentially, but it is still not equal to the fossil fuels energy generation cost of coal and oil. More focused efforts are underway for search and investment into finding alternative energy sources for improved economy. However, generation of economical renewable energy sources make up as good challenge as grid connectivity of such sources do in getting connected to grid [6] [7] [8] .
The efficiency definition of a solar cell is defined as the ratio of the electrical output power to the sunlight input power, which for commercial silicon solar cells stands at typically 10-24%. Lowering the cost of photovoltaic electricity from solar cells is essential for the technology to further extend its usage by utilities [9] .
Recently, the production of PV modules by the manufacturers has been growing tremendously annually by approximately 25 percent, and there are major programs undertaken by PV manufacturing countries to accelerate the deployment of PV systems on rooftops of buildings for connection to utility networks [10].
III. SOLAR RADIATION IN KUWAIT
The hours of the sunshine per day are very important for solar energy generation. Kuwait receives a huge amount of solar radiation particularly in the hot months of summer season. The results of solar radiation figures will be greatly affected by the weather facts and figures used in finding an actual estimate of solar irradiance. The main changes of solar weather conditions come from obstructing the solar feasibility by rainy-clouds conditions.
On a tilted surface, the energy incident is divided into three components reflected radiation from the ground, diffuse radiation, and beam radiation. It is important to know the estimate of the resultant daily total solar radiation on a fixed surface facing south for each month of the year. Fig. 4 shows monthly averaged Solar Radiation on horizontal surfaces (Wh/m 2 per day) [1] . Kuwait has a high potential of wind speed, which could be used equally as an alternative source of renewable energy along with solar energy. Fig. 6 shows weekly average wind speed in Kuwait (m/s) over a complete year. It also shows that wind speed peak occurs 13-39 weeks of the year, which falls in the April to October months, fitting very closely to when Kuwait is in real need of electric power.
IV. ELECTRICITY PRODUCTION AND CONSUMPTION
Kuwait has one of the largest consumers of electricity in the world. The power sector in Kuwait is not commercially viable, due to the current underpricing policy and Kuwait needs to take action to meet the increased energy demand. The ministry of electricity and water (MEW) has to meet the growing demand for electricity by constructing new power generating plants that require high investments. The surge of power at peak hours remains a major concern, which needs be met from investing into renewable energy alternatives. As residential load constitutes a considerable portion of the total power demand in Kuwait, and hence its optimized use becomes a necessity of the day.
MEW is vertically integrated utility and has seven power plants used by heavy oil and natural gas. The power sector has been able to suit the highly increased growth in electricity utilization, the trend of adding new fuels generation capacity continues [11] .
During the hot and long summer periods of seven months in Kuwait, temperatures are soaring some days to over 50° C and so remains wind speed over these months.
Cooling for all types of buildings is, therefore, essential, and as a result, the cooling system of buildings is the largest consumer of electricity, which it accounts for nearly 70% of nation's peak power requirement and over 50% of annual energy spending. Residential buildings are the major consumers and they are responsible for 42.3% of the total electrical energy consumption as shown in Fig. 7 [12] . The total installed capacity of MEW power plants has been at 15719 MW in 2015. Fig. 8 shows the development of installed capacity and maximum demand.
Peak demand in Kuwait increased from 8900 MW in 2006 to 12719 MW in 2014, with an average growth rate about 6% per year. Thus, MEW is facing great challenges; first to satisfy the requirements of large investments for building new power plants, and second to take the necessary actions for rational use of energy and decrease the rate of fossil fuel generated electricity demand [13] . 
V. ELECTRICAL POWER GENERATION PROBLEM
Kuwait depends mainly on oil for generating electricity. The need for domestic power demand is growing at the rate of 6% per year, motivating the use of alternative energy sources. Also, there is an increasing shortage of the electrical power as a result of growing demand.
Taking into account the environmental impact resulted from burning fossil fuels and that they're high cost of electricity generation, transmission and distribution systems.
Thus there is a high for Kuwait energy policy planning personnel to consider investing into the hybrid of solar and the wind as alternative energy sources.
VI. DISCUSSION OF RESULTS
The previously renewable energy data of Kuwait shows that Kuwait has the solar energy during summer times, which make up the peak times of solar consumption in the year. Surprisingly speaking the wind energy potential remains during the same of the year, so a hybrid of solar and the wind proves to be a very appealing choice for investment into energy generation. Further, we have been experiencing rapid grow in technology development related to solar and the wind, both sources make up a very impressive reality for energy generation, the sooner the better. This paper has thus explored the potential of renewable energy in new residential town's developments.
VII. CONCLUSION
There is an increasing demand for green power generation integrated to the grid of other conventional energy sources. PV power system is the most suitable solution to meet this demand covering the energy shortage in Kuwait. The main aim of this research paper is to avoid partial dependency on oil for generating electricity in Kuwait and to decrease the peak demand in the summer by proposing a solar-wind hybrid renewable energy system for assessing the energy capacity of solar-wind energy. Hence, solar radiation in Kuwait is high and can be utilized to partially offset this increasing demand.
Likewise, Kuwait has a high potential of wind speed, which could be used as an equally potential alternative source of renewable energy. Furthermore, hybrid solar-wind energy could be more useful as an alternative, reliable, and environmentally friendly sources in Kuwait. In Kuwait, the problem of power shortage, and even load shedding has been recently observed due to the growing demand and the excessive losses of electrical energy. During the summer season of each year, the annual growth demand in Kuwait is 6% for the last ten years, putting extra pressure on demand growth for investment in the future generation of electricity. The solar-wind power can be suitably harnessed as alternative sources of energy for meeting the peak demand. Such hybrid (solar-wind) means of power, make up an attractive renewable energy solution during peak-demand months of summer season. Introducing hybrid solar-wind energy system to Kuwait requires conducting an extensive feasibility study on solarwind potential as energy sources. The paper has discussed the actual problems faced by the Kuwait utility for supplying enough electricity to the population particularly in the summer season and it has been suggested that the only alternative solution is to use hybrid renewable energy system to offset this crucial problem. The study solar suitability in Kuwait, solar radiation, and simulation based on the same has been presented in the paper.
